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a  b  s  t  r  a  c  t
Ethnopharmacological  relevance:  Solanum  cernuum  Vellozo  is a  Brazilian  shrub  or  small  tree,  restricted
to  Southwest  states  of  the  country.  It  has  been  widely  used  for the  treatment  of many  ailments.  The
pharmacological  activity  of  the  extract  on  gastric  ulcer  has  been  the  major  therapeutic  target  proposed
by  the  population  investigated.
Materials  and methods:  In the  acute  toxicity  test  was  used  increasing  doses  of the  extract  (2,  4,  8,  12,
16,  20  and  25  g of  extract  per  kilogram  of  body  weight).  The  animal  behavior  was  observed  from  5  h
after  a single  administration  of the  extract  and  subsequently  monitored  daily  until  the  fourteenth  day,
beyond  the  calculation  of  the  estimated  LD50 of  the  extract.  In the  test  sub-chronic  toxicity  was  used  two
doses of  the  extract  (0.1  and  1.4 g/kg)  and  the  parameters  analyzed  over  31  days  were:  body  weight,  food
intake,  behavior,  respiratory  rate,  movement  and  mortality  of  animals.  After  anesthesia,  blood  samples
were  collected  for  hematological  and  biochemical  analysis.  The  animals  were  euthanized  followed  by
macroscopic  analysis  of  the  stomach  and  intestine.  Liver,  lungs  and  kidneys  were  removed,  weighed  and
analyzed  histopathologically.
Results: In the  acute  toxicity  test  was  observed  a dose-dependent  mortality  and  the  value  of  estimated
LD50  was  14.50  g/kg.  In  the  hematological  and  biochemical  analyses  there  were  signiﬁcant  increase  in  the
activities  of  AST  and  ALT indicating  liver  toxicity,  but the  extract  was  not  able  to  alter  food  intake,  body
weight  and  organ  weights  after  31  days  of  treatment  and  it did  not  produce  signiﬁcant  histopathological
changes.
Conclusion:  Therefore  we  can  consider  the  hydroalcoholic  extract  of  Solanum  cernuum  Vell as  practically
non-toxic  in  acute  administration  and  safe  in  the  sub-chronic  administration,  as  hepatotoxicity  was
observed  only  with  the  highest  dose  used,  not  with  the dose  routinely  used  by the  native  population.. Introduction
The use of herbal medicines as alternative treatments has been
ncreasing worldwide and gaining popularity in developing coun-
ries (Rosidah et al., 2009). Although medicinal plants may  have
iological activities that are beneﬁcial to humans, the potential tox-
city of these bioactive substances has not been well established
Rosidah et al., 2009). Thus, the safety and efﬁcacy of these plants
ust be studied thoroughly to maximise their beneﬁts for mankind.
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The increase in number of users as oppose to the scarcity of scien-
tiﬁc evidences on the safety of the medicinal plants have raised
concerns regarding toxicity and detrimental effects of these reme-
dies (Mohamed et al., 2011).
Solanum cernuum Vellozo, also know as Solanum paleatum
Schott and Solanum jubatum Dun is a Brazilian shrub or small
tree, restricted to Southwest states of the country (Alves et al.,
2007). It presents erect shrub, perennial, little branched, with long
hairs on the young shoots. Also presents leaves simple, entire, sub-
coriaceous, long-petiolate, and pubescent on the underside, with
20–35 cm in length. Its leaves have an intense dark green color and
back of the blade has a clear green color. The fruits are globose,
Open access under the Elsevier OA license. small and yellow when ripe (Lorenzi and Matos, 2002).
Solanum cernuum Vellozo is indicated for the treatment of uri-
nary disorders, acting as desobstruente diuretic (Oliveira et al.,
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iseases being applied in the healing of skin ulcers (Lorenzi, 2002).
he literature shows pharmacological activity of the hydroalco-
olic extract on gastric ulcer (Araújo et al., 2002) and antineoplastic
ctivity of the constituents present in the dichloromethane extract
f Solanum cernuum (Grando et al., 2008).
Toxicity is dependent on factors such as cultivar, growing con-
itions, light, plant part ingested and type and concentration of
lycoalkaloid present (Phillips et al., 1996). Other members of the
olanaceae family of plants, which include tomatoes, potatoes and
ggplants, are toxic to man  and animals (Jadhav et al., 1981). These
lants are known to contain several types of steroidal glycoalka-
oids that are toxic (Baker et al., 1991). Solasonine and solamargine
re two major glycoalkaloids found in at least 100 Solanum species
Blankemeyer et al., 1998). Considering the signiﬁcant use of this
pecies for the treatment of acute and chronic disorders, presence
f toxic constituents and the low number of scientiﬁc papers about
t, the present study aims to assess the toxic effects of acute and sub-
hronic administration of the hydroalcoholic extract of Solanum
ernuum Vell.
. Materials and methods
.1. Plant material
The botanical material used in the experiment was  the leaves of
olanum cernuum. The material was collected in March 2009 in the
ity of Muniz Freire – Espirito Santo, Brazil. The plant was classi-
ed by MSc  Érika Von Sohsten de Souza Medeiros (Department of
ystematic Botany, Botanical Garden of Rio de Janeiro, Brazil) and a
oucher specimen was deposited in the Herbarium under number
B492873.
.2. Preparation of plant extract
200 g of the aerial parts of the plant were ground. A 70% hydroal-
oholic solution was used as extraction liquid. The leaves were
ried in an oven at 38 ◦C for 72 h and ground in a mill. Then
hey were macerated with 70% ethanol for 72 h. Then the mate-
ial was ﬁltered and subjected to a new extraction for the same
eriod. The ﬁltrates were concentrated in Rotavapor under vac-
um, providing the crude hydroalcoholic extract. The yield of the
xtract was about 18% (w/w). The material was placed at −20 ◦C
ntil used.ChemicalsThe following substances were used: formalin
Merck, Darmstadt, Germany), 70% ethanol and dimethyl sulfoxide
Sigma–Aldrich, St. Louis, MO,  USA), Ketamine and Xylazine (Virbac,
arros cedex, France).
.4. Animals conditions
The protocol for this study was approved by the ethics com-
ittee for Animal Research of the Federal University of Espirito
anto under number 002/2009. Pathogen free Swiss female mice,
eighing 17–24 g were used in appropriate conditions for the
mplementation of research. The animals were kept in a room with
emperature maintained at 22 ◦C, relative humidity of 55 ± 10% and
2-h cycle of day and night light conditions. Tap water and food
ere readily accessible to the mice throughout the study, but the
nimals were fasted for a period of 8 h prior to oral administration
f the Solanum cernuum hydroalcoholic extract.
.5. Treatments.5.1. Acute oral toxicity study
Acute toxicity test was performed according to the World Health
rganization (WHO) guideline (WHO, 2000) and the Organization
f Economic Co-operation and Development (OECD) guideline forarmacology 138 (2011) 508– 512 509
testing of chemicals (OECD, 2001). The animals were divided into
9 groups of 6 animals. This division was based on the weight of
the animals. The 9 groups were divided to receive doses of 2, 4, 8,
12, 16, 20 and 25 g of extract per kilogram of body weight, beyond
the vehicle and control groups. Phosphate buffer saline associated
with dimethyl sulfoxide was used as a vehicle, at a concentration
of 5%, for the preparation of different doses of the extract. The
introduction of dimethyl sulfoxide was necessary for the solubiliza-
tion of the extract. The control group was  composed of mice that
received phosphate buffer saline only. The animal behavior was
observed from 5 h after a single administration of the extract and
subsequently monitored daily until the fourteenth day. The toxic-
ity evaluation was performed after exposure to a single dose. Acute
toxicity was expressed by the required dose in g/kg body weight to
cause death in 50% of animals tested (LD50).
2.5.2. Sub-chronic oral toxicity study
The method was  performed following the protocol described
by the WHO  guideline (WHO, 2000) and the OECD guideline for
testing of chemicals (OECD, 1981). Pathogen free and nulliparous
Swiss female mice (between 17 g and 24 g) were housed in groups
of matched weights under the same conditions as described pre-
viously. In total 24 mice were used in this study (4 groups of 6
animals). The choice of doses for this study was  done as follows:
the lowest dose used was 0.1 g/kg, as this is the approximate dose
used by the native population, according to information collected,
and the largest dose was 1.4 g/kg, since this corresponds to 10% of
the calculated estimated LD50 (14.50 g/kg).
The Solanum cernuum hydroalcoholic extract was administered
suspended in phosphate buffer saline associated with dimethyl
sulfoxide as a vehicle. The extract was administered daily by oral
gavage to the mice using a plastic cannula intubated on the needle
ﬁtted onto a syringe. The deviations in normal behavior, respiratory
rate, movement and mortality, as well as the body weight changes
and food intake of mice were monitored daily over 31 days.
On day 31, all animals were anesthetized intraperitoneally with
a combination of ketamine (60 mg/kg) ± xylazine (8 mg/kg). After
anesthesia, blood samples were collected by cardiac puncture and
transferred to tubes containing EDTA for hematological and bio-
chemical analysis. The animals were euthanized by anesthetic
overdose, stomachs were removed and an incision along the greater
curvature was made and an incision was  made along the gut. The
number of ulcers (single or multiple erosion, ulcer or perfora-
tion) and hyperemia was measured. Liver, lungs and kidneys were
removed and weighed individually.Ler foneticamente.
2.6. Blood analyses
Hematological and biochemical analyses were performed at
the Clinical Pathology laboratory located in the Veterinary Hos-
pital of the Federal University of Espirito Santo. The red blood
cell (RBC), hematocrit, hemoglobin, total leukocytes, lymphocytes,
monocytes, eosinophils and total plasma protein were determined
by manual techniques established in the laboratory. Biochemical
analyses were processed according to protocols of the laboratory
using commercial kits produced by Labtest diagnóstica SA (Minas
Gerais, Brazil) for: urea (Ref.: 27), creatinine (Ref.: 35–100), albu-
min  (Ref.: 19), ALT (alanine transaminase) (Ref.: 53–200) and AST
(aspartate transaminase) (Ref.: 52–200).
2.7. Histopathological analysisAfter euthanasia, all animals were autopsied and each animal
was  collected fragments of lung, liver and kidney. The fragments
were ﬁxed in 10% formalin and histologically processed. Sections
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he material was  stained by hematoxylin-eosin (HE) (Luna, 1968).
icroscopic analysis was based on observation of morphological
hanges.
.8. Statistical analysis
All experimental groups were composed of 6 animals. The
esults are presented as the mean ± SD. Statistical signiﬁcance
etween groups was performed by the application of one way  anal-
ses of variance (ANOVA) followed by Bonferroni’s test. P < 0.05
as considered as statistically signiﬁcant. The estimated LD50 was
btained by ﬁtting the data points representing the percentage of
eaths with increasing doses of the extract calculated by nonlinear
egression method using the Graph Pad Prism software version 3.0.
San Diego, CA, USA).
. Results
.1. Acute oral toxicity
The effects of Solanum cernuum hydroalcoholic extract are
hown in Table 1. There was a dose-dependent increase in mortal-
ty. One animal died at a dose of 8 g/kg, 2 animals died at a dose of
2 g/kg, 4 animals died at a dose of 16 g/kg and all animals died at a
ose of 20 and 25 g/kg. A total of 42 animals treated with the extract,
9 animals died, resulting in a mortality rate of 45%. In terms of
atency of mortality, at a dose of 8 g/kg the animals died before
4 h, whereas at higher doses the animals died with less than 12 h.
he symptoms associated with ingestion of the extract include: dis-
rientation, hyperactivity, piloerection and hyperventilation. At all
oses of the extract side effects were observed. The maximum tol-
rated dose was  4 g/kg and the calculated LD50 = 14.50 g/kg body
eight (95% conﬁdence intervals: 10.78–19.50 g/kg).
.2. Sub-chronic oral toxicity
.2.1. General behavior of the animals
No signiﬁcant change in body weight was observed over the 31
ays of study, since there was not signiﬁcant difference between
he results representing the control group, vehicle group, the low-
st dose (0.1 g/kg) and higher dose (1.4 g/kg) and no change in
aily food intake was observed during the study (data not shown).
uring the 31 days of study, the animals that received the lowest
ose showed salivation, while those who received the highest dose
howed salivation, hyperactivity and diarrhea. Vehicle and control
roups did not show symptoms of toxicity. No death was observed
n the test sub-chronic toxicity.
.2.2. Effect on the hematological and biochemical blood
arameters of the mice
The hematological and biochemical parameters obtained with
he lowest (0.1 g/kg), highest dose (1.4 g/kg) and vehicle group
id not show signiﬁcant change in relation to the control group
P > 0.05), but there was signiﬁcant increase in the activities of AST
nd ALT in blood chemistry (Table 2). These statistical differences
ppeared to be biologically relevant and shown to be related to
ub-chronic treatment with the extract.
.2.3. Effect on the wet weights of mice organs after 31-day
reatment periodThe wet weights of mice organs of both treated (0.1 and 1.4 g/kg),
ehicle and control groups are presented in Table 3. The sub-chronic
ral ingestion of Solanum cernuum hydroalcoholic extract over 31
ays did not cause signiﬁcant changes in the weights of the organsarmacology 138 (2011) 508– 512
(i.e., kidneys, lungs and liver) in the groups receiving the extract
and vehicle when compared with the control group.
3.2.4. Histopathological study
The lungs, kidneys and liver were the organs examined. The
analysis of the organs was made in the thirty-ﬁrst day of treat-
ment. No lesion or pathological changes attributable to treatment
were found in the organs of animals in the treated groups or vehi-
cle and control groups (data not shown). Areas of hyperemia and
macroscopic lesions in the gastrointestinal mucosa were not found
(data not shown).
4. Discussion
Solanum cernuum vell is a plant that has bioactive substances
capable of producing both desirable and undesirable effects. It has
been widely used for the treatment of many ailments. Many studies
have demonstrated their utility, including their biological activi-
ties. The pharmacological activity of the extract on gastric ulcer
has been the major therapeutic target proposed by the population
investigated (Oliveira et al., 2007). The toxicological evaluation of
the hydroalcoholic extract of Solanum cernuum Vell. was performed
to evaluate the risks of acute and subchronic administration, since
it is widely used for therapeutic purposes.
A single administration of the extract with increasing doses
produced a dose-dependent increase in mortality and a reduc-
tion in the latency of mortality. According to Loomis and Hayes
classiﬁcation (1996),  chemical substance with a LD50 within the
range of 5000–15000 mg/kg is considered as practically non-toxic.
The calculated Solanum cernuum estimated LD50 being found in
this range, suggests that the plant should be regarded as prac-
tically non-toxic in acute ingestion, but being able to produce
undesirable behavioral symptoms (i.e., hyperactivity, disorienta-
tion, pilo-erection and hyperventilation).
Sub-chronic ingestion of hydroalcoholic extract of Solanum cer-
nuum produced behavioral changes of low intensity, but was  not
able to affect food intake and weight gain of animals during the
31 days of treatment. Since, changes in body weight and food
intake have been used as indicators of adverse effects of drugs and
chemicals (Mukinda and Eagles, 2010), suggesting that oral doses
administered did not alter the normal growth of animals.
The haematopoietic system is one of the most sensitive targets
for toxic compounds and an important index of physiological and
pathological status in man  and animal (Mukinda and Syce, 2007).
In hematological analysis there were not differences between the
treated, vehicle and control groups. This indicates that the sub-
chronic administration of the extract is not able to produce toxic
effects on the hematopoietic system.
As one of the biochemical parameters analyzed, AST is normally
found in the cytoplasm and mitochondria of many cells, primarily in
cardiac muscle, liver and skeletal muscle. Its concentration is much
lower, however, in the kidney, pancreas and erythrocytes (Costa
Silva et al., 2008). These changes occur in the blood when the hep-
atic cellular permeability is changed or when necrosis and cellular
injury occurs. These enzymes are used as markers of liver function
and thus serve as indicators of liver toxicity (Upur et al., 2009).
Analysis of biochemical parameters showed a signiﬁcant increase
in the levels of transaminase enzymes (AST and ALT) in the group
receiving the extract at a dose of 1.4 g/kg compared to the con-
trol group. Thus, the administration of the extract was responsible
for liver damage in mice demonstrated by signiﬁcant elevation of
serum transaminases.
According to Teo et al. (2002),  after some exposure to
potentially toxic substances, there will be a slight reduction in
body weight gain and internal organ weights. No signiﬁcant
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Table 1
Effects of Solanun cernuum Vell hydroalcoholic extract in mice after acute oral administration.
Treatment dose (g/kg) Animals Effects
D/T Relation between dead and
total treated mice (%)
Mortality latency (h) Symptoms of toxicity
Control 0/6 0 – None
Vehicle 0/6 0 – None
2  0/6 0 – Hyperactivity and disorientation
4 0/6  0 – Hyperactivity and disorientation
8  1/6 17 <24 Hyperactivity and disorientation
12  2/6 33 <12 Hyperactivity and disorientation, pilo-erection and hyperventilation
16  4/6 67 <12 Hyperactivity and disorientation, pilo-erection and hyperventilation
20 6/6 100 <12 Hyperactivity and disorientation, pilo-erection and hyperventilation
25 6/6 100 <12 Hyperactivity and disorientation, pilo-erection and hyperventilation
D: dead, and T: total treated mice.
Table 2
Effects of Solanun cernuum Vell hydroalcoholic extract on the hematological and biochemical blood parameters of blood of mice after 31-day period of oral administration.
Parameter (units) Control Vehicle Low dose (0.1 g/kg) High dose (1.4 g/kg)
RBC (×1012/L) 7.1 ± 0.2 6.4 ± 0.3 6.9 ± 0.2 7.3 ± 0.1
Hemoglobin (g/dL) 10.9 ± 0.9 11.1 ± 1.1 9.2 ± 1.3 10.8 ± 0.8
Haematocrit (%) 30.5 ± 2.6 31.9 ± 3.6 30.2 ± 3.9 31.0 ± 2.4
Leukocytes (103/mm3) 7.1 ± 1.2 6.5 ± 1.5 8.5 ± 3.1 6.5 ± 0.9
Total  protein (g/dL) 6.1 ± 0.5 6.1 ± 0.3 5.9 ± 0.4 5.7 ± 0.3
Lymphocytes (%) 64.0 ± 4.0 67.0 ± 3.9 62.0 ± 3.2 69.8 ± 3.7
Monocytes (%) 11.2 ± 3.2 9.1 ± 3.7 11.5 ± 4.9 12.9 ± 3.3
Eosinophils (%) 5.5 ± 2.1 6.0 ± 2.6 7.1 ± 3.6 4.2 ± 1.7
Urea  (mg/dL) 68.0 ± 3.3 67.9 ± 4.8 72.7 ± 5.5 69.0 ± 3.9
Creatinine (mg/dL) 0.4 ± 0.2 0.4 ± 0.1 0.4 ± 0.1 0.5 ± 0.1
Albumin (g/dL) 2.5 ± 0.1 2.4 ± 0.2 2.4 ± 0.2 2.6 ± 0.2
ALT  (U/L) 60.2 ± 5.3 58.4 ± 7.4 61.9 ± 5.7 89.8 ± 9.7*
AST (U/L) 72.3 ± 5.4 75.2 ± 6.3 82.2 ± 11.0 148.1 ± 12.2*
* P < 0.05 against control group.
Table 3
Wet  weights of kidney, lung and liver of mice sub-chronically treated with Solanun cernuum Vell hydroalcoholic extract.
Dose group Wet  weight (g; mean ± S.D.; n = 6)
Lung Kidney Liver
Control 0.16 ± 0.37 0.41 ± 0.07 1.12 ± 0.03
Vehicle 0.17 ± 0.05 0.42 ± 0.04 1.13 ± 0.04























nHigh dose (1.4 g/kg) 0.16 ± 0.03 
 P < 0.05 against control group.
ifference was observed between the weights of the organs exam-
ned, indicating that the sub-chronic administration of the extract
id not affect the wet weight, organ-to-body weight ratio, in addi-
ion to their macroscopic characteristics (i.e., appearance, color,
ize).
Histopathological evaluation and microscopic examination
ere carried out on the isolated organs of both the treated and
ontrol groups. The selected organs obtained from both treated
nd controls animals showed normal architecture (data not shown)
uggesting that there were not detrimental changes or morpho-
ogical disturbances caused by daily oral administration of the
olanum cernuum Vell extract. The macroscopic examination of
he stomach and intestine did not show changes on the gas-
rointestinal mucosa, demonstrating that the cause of diarrhea
nduced by sub-chronic administration of the extract is not due
o its irritant action. Several species of the genus Solanum have
hown stimulating actions on visceral smooth muscles by inhibit-
ng acetylcholinesterase or muscarinic receptor activation (Mans
t al., 2004), and these may  be the targets of molecules present
n the hydroalcoholic extract of Solanum cernuum Vell, however
ore studies are needed to elucidate this effect. These observa-
ions demonstrate that prolonged administration of the extract was
ot able to induce a detectable liver damage in histopathological0.38 ± 0.02 1.10 ± 0.03
examinations, although the injury is already detectable in liver
function tests.
A direct comparison between the toxic effects produced in
humans and laboratory animals is inadequate, because they
present pharmacokinetic differences, as in its biotransformation,
absorption and excretion, leading to consequent differences in
pharmacokinetic parameters (half-life, clearance, bioavailability),
besides the production of different metabolites (Abass et al., 2009).
Thus, the consequences produced by oral administration of the
extract can be manifested differently in various species.
In summary, the hydroalcoholic extract of Solanum cernuum
Vell was  found to be practically non-toxic when oral acute and
sub-chronic toxicities in mice were performed. However, no direct
evidence has been reported to conﬁrm this idea in humans. There-
fore more studies are needed to clarify its toxicity in animals and
humans.
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